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Abstract 
Climate change is a global issue that is being influenced by many factors, one of which is the 
burning of fossil fuels for energy production. It is important for countries to aim to move away 
from the continued use of fossil fuels and start investing in renewable technologies as they 
are better for the environment both on a local and global scale. The European Union (EU) 
has a set of renewable energy targets aimed at increasing clean technologies’ share in the 
continents overall energy mix to 20% by the year 2020.  
A form of clean energy that is currently largely underutilised is wave energy, of which there is 
significant potential for utilisation along Europe’s coasts, including the west coast of France. 
This study assesses the wave energy potential along the Atlantic coast of France using a 58-
year series of data obtained from numerical modelling (hindcasting). Data from 54 points 
along the coast (P1 to P54) is used to analyse the spatial distribution of wave power. 
The estimated average wave power is considerable (with over 40 kW/m and an annual 
average wave energy of up to 372 MW h/m). The spatial distribution of the wave power 
highlights that different areas along the coast present different energy potential with a high-
energy area including a majority of the north-west coast (Brittany) of the study domain 
(between latitudes 49°00’ and 47°30’) and several intermediate and low-energy areas to the 
north-east and south of Brittany. The high-energy areas are predominantly influenced by the 
Gulf Stream and stormy winter conditions, with the lower ones to the south being partially 
shadowed by the north coast of Spain.  
There is considerable seasonal variability in the wave resource, with a majority of the wave 
energy available in the winter months, a calm period of low energy in the summer and two 
transitional periods of intermediate energy in between each of these extremes. January is 
the highest energy month (followed by December and February) and July is the lowest 
energy month (followed by August and September).  
The power matrices for both WECs used in this study (Pelamis and Wave Dragon) are 
considered in order to compute the potential wave energy output and capacity factors at 
each of the 54 study points. Following this, a multi-criteria analysis is used which considers 
five factors, combined into a WEC Location Suitability (WLS) index, in order to determine the 
most efficient places for WEC deployment. The factors comprised: the potential wave power 
at the point, the WEC capacity factor, the temporal variability of the energy, the water depth 
at the point and the distance to the coast from the point. After analysing the WLS index 
points, it was concluded that P9 and P11 in the north-west area of the study domain, were 
identified as the optimal locations for WEC deployment along the Atlantic coast of France. 
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1 Introduction 
One of the primary issues associated with the continued use of fossil fuels is global warming, 
often also referred to as climate change, which can be defined as the gradual increase in the 
overall temperature of the earth’s atmosphere and oceans generally due to the greenhouse 
effect triggered by increased levels of pollutants in the environment. Global warming could 
have many adverse consequences, including: changing landscapes, rising sea levels, 
destroying habitats which can influence loss of wildlife, causing more powerful storms 
leading to increased storm and economic damage, increased heat-related disease and 
increased risk of fire, drought and floods.  
With global carbon emissions on the rise, there is an increasing pressure on governments to 
promote and implement policies which are aimed at increasing the utilisation of renewable 
energy sources as they are being seen as a cleaner and more sustainable alternative to 
fossil fuels. The European Union (EU) is the second largest economy in the world, 
consuming approximately 20% of the world’s energy, but has few reserves of its own and so 
depends on other countries for security of supply. Each year over €350 billion are spent on 
oil imports from the Organisation of Petroleum Exporting Countries (OPEC) and Russia, and 
gas imports from Algeria, Norway and Russia (European Commission, 2014). 
The Renewable Energy Directive establishes an overall policy for the production and 
promotion of energy from renewables in the EU, requiring at least 20% of its total 
consumption to be generated by clean technologies by the year 2020 (European 
Commission, 2016b) In addition to this, countries must also strive to achieve 10% renewable 
energy in transport e.g. by increasing biofuel usage in the transport industry.  
Whilst introducing more clean energy to the EU’s overall energy mix, this legislative 
framework is also expected to reduce greenhouse gas emissions by up to 30% (Rusu & 
Onea, 2015). Every two years, EU countries evaluate and report their progress towards the 
2020 goals and based on the national reports, the European Commission produces an EU-
wide report which provides an overview of renewable energy policy developments in each of 
the EU countries (European Commission, 2016a). It is currently expected that the majority of 
member states will either reach or exceed the targets.  
There are several different forms of renewable energy resource, including wind power, solar 
power, hydro power, biomass and marine energy (which is currently largely underutilised). 
Wave energy fits into the marine energy category and can be categorised as one of the most 
promising forms of renewable due to the fact that marine energy technologies are 
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characterised by greater power density and consistency in addition to allowing more 
accurate forecasting of conditions over both acute and long time periods (Rusu & Onea, 
2015). It is also currently estimated that there is a potential 2 TW of wave power available in 
the world’s waters (Gunn & Stock-Williams, 2012). Furthermore, wave energy systems also 
tend to have lower visual impact than most forms of fossil fuel generation which adds to their 
appeal.  
Due to their exposure to the westerly winds that blow across the North Atlantic because of 
the prominence of the Gulf Stream, European countries with Atlantic coastlines present a 
large amount of wave energy potential and thus it is likely that this form of energy could grow 
over the next few years as nation’s attempt to lower their harmful emissions. Global 
assessments of wave energy potential have indicated that the Atlantic western coasts of the 
northernmost European countries receive a significant amount of wave resource, with the 
mean annual wave power typically reaching between 60 and 70 kW/m off the coast of the 
UK (The Marine Institute, 2002). In contrast, the southernmost areas of Europe (the Canary 
Islands) only receive a maximum of about 30 kW/m of wave power (Sierra et al., 2013) , 
however there is potential off the Atlantic coastlines of Portugal, Spain and France (i.e. in 
between these two locations) (Mota & Pinto, 2014). West Brittany in the north west of France 
presents strong potential with a mean annual wave power of around 50 kW/m (Gonçalves et 
al., 2014). With renewable energy targets in mind, it would make sense for countries with the 
potential to generate wave power to utilise it. 
France has a 2020 target which is for renewables to have a 23% share of final energy 
consumption, however between 2005 and 2012 only 29% of this renewable target had been 
achieved (Deloitte Conseil, 2015). Nuclear attributes to the highest share of primary energy 
consumption (42%), however France still depends on importing fossil fuels in order to meet 
its energy needs, predominantly for the transport sector.  
There are different technological solutions available that allow the exploitation of the wave 
energy resource, and in more recent years there has been further developments and 
research into different forms of wave energy converters (WECs). Although different WECs 
share a common purpose, which is to convert the motion of waves into electricity, 
differences exist in the WEC’s ability, or inability, to orientate themselves in the direction of 
incoming waves. Furthermore, as some of these devices are installed in static positions, the 
energy available to each WEC could be influenced by other devices aligned in close 
proximity (Mota & Pinto, 2014). 
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1.1 Aims and Objectives 
The global aim of this study is to investigate the potential for wave energy generation along 
the Atlantic coast of France. 
To enable this global aim to be met, it is necessary to carry out the following objectives: 
 Research existing literature in order to attain a strong knowledge of wave energy 
technology; 
 Observe existing wave data of the 54 “study points” along the Atlantic coast of 
France in order to determine which locations are likely to be most effective for wave 
energy generation; 
 Assess the variability in energy generation at the study points for different times of 
the year in order to give a more accurate representation of expected power output. 
This includes seasonal, monthly and directional variations; 
 Use the power matrices for both of the WECs used in this study (Pelamis and Wave 
Dragon) to compute the potential wave energy output and capacity factors at each of 
the 54 study points; 
 Perform a multi-criteria analysis considering different factors, combined into a WEC 
Location Suitability (WLS) index, in order to determine the most efficient places for 
WEC deployment; and 
 Carry out a predesign of a wave farm at the most suitable point. 
1.2 Summary of Contents 
This paper focuses on the assessment of wave power potential along the Atlantic coast of 
France. Section 2 gives a background of wave energy, Section 3 briefly describes the study 
area, Section 4 outlines the available data and the methodology used, Section 5 contains 
the results and discussion and Section 6 concludes the study and suggests further work.  
2 Background 
Ocean waves are a clean source of energy with an extensive potential for generating 
electricity and if fully exploited, it is estimated that approximately 40% of global power 
demand could be provided by this resource – which equates to as much as 800 power plants 
(Maehlum, 2013). 
In fluid dynamics, wind-generated waves are surface waves that take place on the surface of 
oceans, seas, rivers, lakes and even small puddles and ponds in some cases. These waves 
are typically the result of wind blowing over a vast enough stretch of fluid surface, with some 
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ocean waves travelling thousands of miles before reaching land (Bluebird Marine Systems 
Ltd., 2014).  
Wind waves are in fact a form of solar energy since the primary source of wind energy, 
which induces the waves, is the sun. Both land and water masses collect the solar energy 
and with the latter being the more efficient of the two, the air above the warmed water mass 
is subsequently heated up (McCormick, 2013). This warm air then rises to replace the cooler 
air, which in turn descends, creating a thermal current. 
In addition to these vertically orientated thermal currents, wind circulation patterns are 
generated on a much larger scale where the hot air from above warm equatorial water 
masses rises and moves towards the Polar Regions where it is then cooled as it descends 
before heading back towards the equator. These patterns are altered by both the rotation of 
the earth and by obstructions such as land masses. Figure 1 gives an indicative 
representation of the resultant global wind circulation patterns.  
 
Figure 1 - Global solar induced wind circulation patterns (McCormick, 2013) 
Waves that travel away from their source are known as swell waves. The more powerful the 
winds at the source area, the greater the swell will be and the further it will travel. The longer 
that the wind blows in the source area, the longer the swell persists, which can be long after 
the wind has ceased or changed direction.  
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In many areas in the world, the wind is consistent and strong enough to deliver continuous 
waves along the coastlines. Using waves as a source of power is a relatively modern idea 
that is not widely employed on a commercial scale at present, despite there being attempts 
to utilise it since at least 1890 (Bluebird Marine Systems Ltd., 2014).  
Wave energy can be extracted in different ways, including from areas of deep water and also 
near the shore. If the water depth is greater than half a wavelength of the waves (L/2), the 
waves can be categorised as deep-water waves (Figure 2).  
 
Figure 2 - Deep-water waves (Thurman & Trujillo, 2013) 
The ocean transmits wave energy via circular orbital motion, where the water particles move 
in circular orbits and return to approximately the same location. It can be seen in Figure 2 
that the greatest orbits, providing the both the greatest potential and kinetic energy, are at 
the surface of the water, so in deep water certain technologies (e.g. wave attenuators) will 
have a better potential for generation than they would in shallow waters. 
2.1 Overview of WECs 
WECs can be used to extract energy from the motion at the sea surface or from fluctuations 
in pressure below the surface. The wave energy devices currently under development are 
highly diverse, and so a variety of different technologies have been proposed to utilise the 
energy from this natural resource with some of the most encouraging designs undergoing 
testing on a commercial scale. 
Whilst different types of WEC are continuously being developed, there are four basic types 
of WEC that can be used to harness wave energy: attenuators, terminators, point absorbers 
and overtopping devices.  
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2.1.1 Wave Attenuators 
Wave attenuators are long floating structures comprising different segments that are flexibly 
attached to the seabed which allows them to orientate themselves perpendicular to the 
direction of incoming waves.  
 
Figure 3 - The movement of an attenuator device in the ocean (Hearn, 2014) 
They effectively ride the waves, with the fluctuating heights of waves along the length of the 
WEC causing flexing at the connections between each of the segments (Figure 3). This 
movement at the joints is resisted by hydraulic rams which pump high pressure fluid through 
hydraulic motors, driving generators that in turn produces electricity.  
 
Figure 4 - Artist's impression of an array of wave attenuator devices (WcP, 2008)  
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A transformer in the nose of the WEC steps up the power-to-line voltage to enable 
transmission to shore (BOEM, 2016). The power is fed down from the WEC down to junction 
box on the seabed via an umbilical cable, which connects it and any other WECs at the 
wave farm to the shore through a regular subsea cable. See Figure 4 for an artist’s 
impression of an array of wave attenuator devices. 
2.1.2 Terminator Devices 
Terminator devices sit perpendicular to the direction of incoming waves and reflect or 
capture the power from the wave and are typically situated at or near the shore, however 
floating devices have been designed for the purpose of offshore application.  
One form of terminator device is the oscillating water column, a device that allows water to 
enter through a subsurface opening into a chamber, which traps air above (BOEM, 2016).  
 
Figure 5 - Schematic diagram of an oscillating water column (Stauffer, 2008) 
The action of the waves cause the captured water column to move up and down similar to a 
piston, which forces the air through an opening that is connected to a turbine which 
generates power (Figure 5). Generally, these devices are rated between 500 kW and 2 MW 
depending on the wave conditions at the particular 
location and the dimensions of the device.  
2.1.3 Point Absorbers 
Point absorbers are floating structures (floating buoys 
inside a fixed cylinder) comprising components that 
move relative to each other due to the motion of waves. 
They are fixed to a single point on the seabed, therefore 
only capture energy at a single point by moving up and 
down with the waves (Figure 6). This up and down 
Figure 6 - Point absorber technology 
(University of California, n.d.) 
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(bobbing) motion drives electromechanical or hydraulic energy converters to generate 
electrical power.  
2.1.4 Overtopping Devices 
Overtopping devices contain reservoirs that are filled up by incoming waves, which causes 
an increase in water pressure – similar to what is experienced behind a dam. This water is 
subsequently released back to the ocean due to gravity, via hydro turbines which are used to 
convert the energy of the falling water movement into electrical power (BOEM, 2016) (Figure 
7).  
 
Figure 7 - Schematic diagram of an overtopping device (Parmeggiani et al., 2013)  
Specially built floating platforms can also generate electricity by funnelling waves through 
internal turbines before being returned back to the sea.  
2.2 Testing and Commercialisation 
2.2.1 Pelamis 
A British company known as Pelamis Wave Power developed a wave attenuator device 
called the P1 which was tested at the European Marine Energy Centre (EMEC) wave site in 
Billia Croo, Orkney, Scotland and became the first offshore WEC to successfully generate 
electricity into the national grid (EMEC, 2014). 
The subsequent findings from the testing of the P1 attenuator called for some adjustments 
and prompted the development of the company’s second generation model, the P2. The 
machines sit semi-submerged on the water surface and are comprised of five steel 
cylindrical sections, 180m in length, 4m in diameter, weigh approximately 1,300 tonnes and 
each device has a rating of 750 kW. 
The first P2 WEC, P2-001, was ordered by E.ON UK in 2009, making it the world’s first wave 
power machine to be purchased by a utility company (EMEC, 2014). Arriving in Orkney in 
July 2010, the P2 WEC was successfully installed at the Billia Croo wave test site for the first 
time in October 2010 (Figure 8). After a three-year testing programme, the P2-001 was then 
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given back to Pelamis for continued demonstration alongside the Scottish Power 
Renewables owned P2-002. 
 
Figure 8 - The Pelamis P2-001 at the wave test site in Billia Croo, Orkney (EMEC, 2014) 
The machines are ideally moored in waters of approximately 50–60m depth which gives 
access to large swell waves but avoids the costs of longer subsea cabling (Power 
Technology, 2010). 
The world’s first commercial wave energy project was Pelamis’ Agucadoura Wave Farm 
which was located 5 km off the Portuguese coast of Agucadoura (Figure 9). The farm 
consisted of three Pelamis generators and began by delivering 2.25 MW of electricity in 
September 2008 (Power Technology, 2010). 
 
Figure 9 - The world's first commercial wave energy project in Agucadoura, Portugal (Meinhold, 2008) 
It was initially planned that another 28 machines would be implemented to produce up to 
22.5 MW for the country, however the first three WECs had to be towed back to shore due to 
technical problems and the global credit crunch of 2008 made it difficult to obtain financial 
backing for the reinstallation and so the wave farm had to be shut down (Power Technology, 
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2010). Conversely, with financial backing (e.g. government subsidies) there are no reasons 
to suggest that a wave project of a similar nature could not be successful. 
2.2.2 Wave Dragon 
Wave Dragon is a private corporation working towards the commercialisation of a technology 
used to extract electricity directly from ocean waves. Wave Dragon is a Danish company, 
however they moved their centre of global operations to South Wales to take advantage of 
its wave climate, the professional expertise in that area and also the political commitment to 
renewable energies by the Welsh Assembly Government (Wave Dragon, 2005). 
As well as the name of the company, Wave Dragon is also the name of the WEC itself, 
which is a large scale overtopping device, invented by Erik Friis-Madsen and developed with 
financial support from the European Union, the Welsh Development Agency, the Danish 
Energy Authority and the Danish Utilities PSO Programme (Wave Dragon, 2005). 
The WEC is effectively a large floating barge that produces energy directly from the power of 
the water, with the only moving parts in the WEC being the turbines. It functions by being 
orientated such that its outstretched collector arms face towards the oncoming waves which 
concentrates 300 metres of wave front towards 140 metres of ramp at the front of the WEC 
(Wave Dragon, 2005) (Figure 10). 
 
Figure 10 - A Wave Dragon WEC (State of Green, n.d.) 
By focusing the wave front, the wave height at the ramp is increased, allowing the waves to 
break over the top of the ramp and into the reservoir behind it. As this action elevates the 
water it is given potential energy, which is subsequently turned into electricity as the water 
falls down through the turbines at the bottom of the WEC.  
The Wave Dragon actually produces energy in a similar way to a low-head hydro power 
station which is an advantage as the technology used has been proven to work as the low-
head turbines in the WEC are the same type the hydropower industry has been successfully 
using for over 80 years.  
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The WEC can have between 1.5 to 12 MW of capacity, depending on the local wave 
conditions (State of Green, n.d.). Wave Dragon WECs could also be set up in an array of 
individual barges, effectively acting as a wave farm or power station that is connected to 
shore via undersea transmission cables in the same way that offshore wind farms are. 
Deployment sites will typically be 5 – 25 km offshore at depths in excess of 20m, in order to 
exploit wave resources of a high power. The devices have little environmental impact and as 
the top of the barges are less than 7m in height (State of Green, n.d.), they don’t have much 
visual impact to people on the coastlines.   
2.2.3 Wave Energy Assessments 
The potential for the extraction of wave energy from the ocean can be assessed via wave 
energy assessments. The first generation of wave energy assessments have been 
completed with the aid of buoy data on both coastal and offshore regions, indicating the type 
of conditions that could be found (Gonçalves et al., 2014). Limitations exist within this 
method and are related to the length of time the buoy has been recording data and that the 
buoy only provides data on a particular point, which could be in a different location than 
where the wave energy project is being considered for. As the tools required to extrapolate 
the data to different locations and water depths are missing, it is pivotal to predict wave 
climate with numerical models that can predict at any location within a particular domain 
(Gonçalves et al., 2014). 
The second generation of wave energy assessments are based on both buoy data and the 
outcomes of deep-water numerical models that allow offshore wave conditions to be 
assessed. For example, the European Wave Energy Atlas summarises the deep-water water 
resources both within the Mediterranean Sea and off the Atlantic coasts of Europe 
(Gonçalves et al., 2014). 
The third generation of wave energy assessments uses numerical models that are capable 
of taking the physics of wave generation into account as well as propagation in the shallow 
waters of the coastal areas (Gonçalves et al., 2014). Therefore, this generation of 
assessment has the ability to facilitate more realistic assessments of the wave energy 
potential in the coastal regions where wave energy developments are likely to be 
considered. Third generation assessments are currently available including one that has 
been generated for the Atlantic coast of France (Gonçalves et al., 2014). 
Several wave energy test sites are under development across the globe, particularly in 
Europe where Scotland leads the way with EMEC beginning its operations in 2004 in 
Orkney. Developing test sites can be a slow, complicated process and project construction 
can differ from country to country (Mouslim et al., 2010).  
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The French case SEM-REV is among the attempts to provide wave device developers with a 
facilitated environment to perform testing and qualification of their designs within a monitored 
and controlled environment.  SEM-REV is aimed at aiding the growth of marine renewable 
technologies in both France and Europe and it is a major step for French Regulators as it is 
the first offshore marine energy test site permitted in the country (Mouslim et al., 2010).   
3 Study Area 
France, located in Western Europe, has a long coastline (in excess of 3,400 km including its 
coastal islands) which faces the English Channel to the north and the Atlantic Ocean to the 
west.  
 
Figure 11 - Map of the Atlantic coast of France with 29 of the 54 study points (left) and Map of the southern 
portion of the Atlantic coast of France with the remaining 25 of the 54 study points (right) 
A total of 54 study points were analysed in order to investigate their wave energy potential. 
These study points are spread out down from the English Channel to the bottom of the 
Atlantic coast of France. The distribution of study points is presented in Figure 11 (denoted 
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from P1 to P54), and their geographical coordinates, water depths and distances to shore 
are listed in Table 1.  
The geographical coordinates were obtained from Puertos del Estado and the water depths 
and distances to shore were obtained from nautical charts and Google Earth respectively 
and thus the values displayed in the table are only indicative. It must also be noted that the 
distances to shore did not consider island masses and are only measured between the study 
point and the mainland. 
Table 1 - Locations, water depths and distances to the coast for the 54 study points. Note: All depths and 
distances were obtained from nautical charts and Google Earth respectively, therefore they are only indicative 
values 
Point Latitude (N) Longitude (W) Depth (m) Distance (km) 
P1 50°00’ -1°00’ 50 39 
P2 50°00’ -2°00’ 60 31 
P3 50°00’ -3°00’ 60 82 
P4 49°00’ -2°00’ 10 30 
P5 49°00’ -3°30’ 70 16.5 
P6 49°00’ -4°30’ 100 36 
P7 49°00’ -5°30’ 110 73.5 
P8 48°30’ -6°00’ 110 89 
P9 48°30’ -5°00’ 50 15.5 
P10 48°00’ -5°30’ 100 56.5 
P11 48°00’ -5°00’ 50 19 
P12 47°30’ -5°30’ 130 87 
P13 47°30’ -5°00’ 110 55 
P14 47°30’ -4°30’ 100 32.5 
P15 47°30’ -4°00’ 90 33 
P16 47°30’ -3°30’ 55 20 
P17 47°30’ -3°15’ 22 7 
P18 47°00’ -3°30’ 100 60 
P19 47°00’ -3°00’ 50 47.2 
P20 47°00’ -2°30’ 20 15 
P21 46°30’ -3°00’ 105 74 
P22 46°30’ -2°30’ 60 44 
P23 46°30’ -2°00’ 27 12.5 
P24 46°15’ -1°45’ 25 13.5 
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P25 46°00’ -2°00’ 60 46 
P26 46°00’ -1°30’ 22 7.5 
P27 45°30’ -1°30’ 38 26.5 
P28 45°30’ -1°15’ 12 6.5 
P29 45°00’ -1°30’ 50 22 
P30 44°30’ -1°30’ 65 18.5 
P31 44°15’ -1°30’ 65 16.5 
P32 44°00’ -1°40’ 100 24 
P33 44°00’ -1°30’ 50 11.5 
P34 44°00’ -1°25.2’ 35 5 
P35 43°55.2’ -1°25.2’ 25 3.5 
P36 43°50’ -1°40’ 95 20.5 
P37 43°50’ -1°30’ 50 7.5 
P38 43°50’ -1°25.2’ 10 1 
P39 43°45’ -1°30’ 40 5.5 
P40 43°40’ -1°40’ 105 17.5 
P41 43°40’ -1°30’ 35 4.5 
P42 43°40’ -1°27.6’ 25 3 
P43 43°37.8’ -1°27.6’ 12 1.3 
P44 43°34.8’ -1°30’ 12 1.1 
P45 43°32.4’ -1°30’ 0 0 
P46 43°30’ -1°45’ 102 13 
P47 43°30’ -1°40’ 70 8 
P48 43°30’ -1°33’ 10 0.5 
P49 43°27.6’ -1°35.4’ 5 1 
P50 43°25.2’ -1°37.8’ 3 0.3 
P51 43°25.2’ -1°40’ 25 1.8 
P52 43°25.2’ -1°42.6’ 28 3.2 
P53 43°22.8’ -1°45’ 0 0 
P54 43°22.8’ -1°52.8’ 60 2 
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4 Data and Methods 
4.1 Methodology 
The power from waves can be determined using the following deep-water expression: 
 
𝑃 =
𝜌𝑔2
64𝜋
𝐻𝑠
2𝑇𝑒 = 0.491𝐻𝑠
2𝑇𝑒 (1) 
   
Where P is the wave power per unit of crest length (kW/m), Hs is the significant wave height, 
Te is the energy period, ρ is the density of seawater (assumed to be 1025 kg/m3) and g is the 
gravitational acceleration (Sierra et al., 2016). Te is computed as a function of spectral 
moments: 
 𝑇𝑒 =
𝑚−1
𝑚0
 (2) 
The database used in this project does not deliver information on spectral moments or 
spectral shape, and sea states are specified in terms of significant wave height Hs and peak 
period Tp, so Te must be estimated using other variables. When Tp is known, one approach 
is to make the following assumption:  
 𝑇𝑒 = 𝛼𝑇𝑝 (3) 
   
Where α is a coefficient whose value depends on the shape of the wave spectrum (0.86 for 
a Pierson-Moskowitz spectrum and increasing towards unity with decreasing spectral width) 
(Cornett, 2008). Taking into account that wave spectra in this area are rather wide due to the 
combined presence of sea and swell sea states, as suggested by Cornett (2008) and Sierra 
et al. (2013) a conservative value of Te = 0.9Tp was used to assess the wave energy 
resource (Sierra et al., 2016). 
Some of the study points are located at depths greater than 60m, so for most of the wave 
periods they are in deep waters and hence equation (1) can be applied without any 
restrictions. In some cases the use of equation (1) introduces a certain error (Sierra et al., 
2016), when the points are located in intermediate waters for some sea states (those with 
longer wave periods). Yet, taking the inaccuracy introduced by the use of equation (3) into 
account and the conservative value adopted to assess Te, the use of equation (1) in those 
points can be considered adequate. 
With equations (1) and (3), the total wave energy resource at a point can be assessed, 
allowing the computation of the power average at each point (Sierra et al., 2016). As 
previously mentioned, this assessment of wave power uses data sets from 58-year 
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numerical simulations, which are extensive enough to account for any inter-annual 
fluctuations.  
Besides the amount of wave power and potentially available energy, another aspect to 
consider when selecting an appropriate site for WEC deployment is its temporal variability at 
different time scales (monthly and seasonal). Sites with a steady wave energy flux are 
preferable to those with unsteady wave conditions since they are more constant, reliable and 
offer a greater efficiency. 
Cornett (2008) proposes three coefficients to assess the temporal variability in wave power 
at a specific location: the coefficient of variation (COV), the seasonal variability index (SV) 
and the monthly variability index (MV). 
The COV is determined by dividing the standard deviation (σ) of the power time series (P(t)) 
by the average power (µ): 
 
𝐶𝑂𝑉 =
𝜎[𝑃(𝑡)]
𝜇[𝑃(𝑡)]
 (4) 
   
The COV would be zero for a fabricated wave power time series with absolutely no 
variability. However this is unlikely in the field and the value would more likely be higher as it 
increases with variability. Values of 0.85-0.9 indicate that the resource is only moderately 
unsteady, while values greater than 1.2 denote considerable variability (Sierra et al., 2016). 
The SV is defined as: 
 
𝑆𝑉 =
𝑃𝑆1 − 𝑃𝑆4
𝑃𝑦𝑒𝑎𝑟
 (5) 
Where PS1 is the mean wave power for the highest-energy season (typically winter) and PS4 
is the mean wave power for the lowest-energy season (typically summer), and Pyear is the 
mean wave power over the course of a year. The greater the value of SV, the greater the 
seasonal variability, with the values lower than 1 indicating moderate seasonal variability. 
MV is defined as follows: 
 
𝑀𝑉 =
𝑃𝑀1 − 𝑃𝑀12
𝑃𝑦𝑒𝑎𝑟
 (6) 
Where PM1 is the mean wave power for the highest-energy month and PM12 is the mean wave 
power for the lowest-energy month. Understandably, the values of MV are greater than 
those of SV. 
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Yet, whilst the amount of electrical energy delivered by a WEC depends on the average 
wave energy available at the location of deployment, it is also highly dependent on the way 
in which this energy is scattered amongst the energy bins, defined by intervals of significant 
wave height and wave energy period (Rusu & Soares, 2012). This is due to the fact that 
each type of WEC has its own power matrix, indicating the power output for each energy bin. 
Thus, 
 
𝐸 =∑∑ℎ𝑖𝑗𝑃𝑖𝑗
𝑛𝐻
𝑗=1
𝑛𝑇
𝑖=1
 (7) 
   
Where E is the WEC energy output per year (in kWh), hij is the number of hours per year 
corresponding to the bin defined by the column j and the row I and Pij is the electric power 
(in kW) provided in the power matrix of the WEC for the same bin (Sierra et al., 2016). In this 
study, two WECs whose development stage can be considered mature (Rusu & Onea, 
2015) are used to assess the potential energy production: the Pelamis converter, whose 
principle is attenuator, and the Wave Dragon device, whose principle is overtopping device. 
Lastly, a capacity factor Cf is used to assess the WEC efficiency, which is computed as: 
 
𝐶𝑓 = 100
𝑃𝐸
𝑃𝑊𝐸𝐶𝑚𝑎𝑥
 (8) 
Where PE is the average electric power produced by the WEC at a specific location and 
PWECmax is its maximum rated power. 
5 Results and Discussion 
5.1 Wave Energy Resource 
The average wave power (computed using equations (1) and (3) at the 54 study points is 
presented in Figure 12, with the numbers displayed in Table 2. Several areas with different 
wave energy distributions can be observed: a higher-energy area incorporating a majority of 
the first third of the study domain (from P6 to P15, P18 and P21) with average wave powers 
greater than 25 kW/m and annual wave energies greater than 219 MW h/m; several low-
energy areas, mainly towards the end of the study domain (P1, P2, P4, P17, P20, P23, P24, 
P26, P28, P34, P35, P38, P39, P41 to P45 and P48 to P54) with average wave powers of 
lower than or equal to 18 kW/m and annual wave energies lower than 158 MW h/m; and 
several transitional areas offering intermediate-energy (P3, P5, P16, P19, P22, P25, P27, 
P29 to P33, P36, P37, P40, P46 and P47) with average powers between 19 kW/m and 24 
kW/m and annual energies between 166 MW h/m and 210 MW h/m. 
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Figure 12 - Average values of the wave power per unit width at the 54 study points 
 
Table 2 - Wave power and variability coefficients at the 54 study points 
Point 
Mean Power 
(kW/m) 
Annual Energy       
(MW h/m) 
COV SV MV 
1 8.81 77.18 1.95 1.58 1.75 
2 14.42 126.32 1.85 1.63 1.8 
3 19.6 171.70 1.82 1.68 1.86 
4 7.19 62.98 1.87 1.54 1.68 
5 23.19 203.14 1.67 1.59 1.76 
6 31.89 279.36 1.67 1.64 1.81 
7 39.78 348.47 1.67 1.67 1.84 
8 42.56 372.83 1.66 1.67 1.84 
9 35.66 312.38 1.71 1.67 1.84 
10 40.75 356.97 1.68 1.67 1.84 
11 36.03 315.62 1.7 1.67 1.84 
12 40.94 358.63 1.64 1.66 1.81 
13 38.88 340.59 1.65 1.65 1.81 
14 32.78 287.15 1.73 1.7 1.87 
15 27.22 238.45 1.81 1.73 1.91 
16 23.89 209.28 1.92 1.77 1.95 
0
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17 16.52 144.72 1.94 1.76 1.96 
18 28.77 252.03 1.78 1.7 1.86 
19 23.45 205.42 1.84 1.7 1.86 
20 15.51 135.87 1.94 1.72 1.87 
21 29.12 255.09 1.76 1.68 1.83 
22 24.01 210.33 1.81 1.68 1.83 
23 15.77 138.15 1.93 1.72 1.87 
24 14.8 129.65 1.91 1.71 1.87 
25 22.79 199.64 1.79 1.66 1.8 
26 14.91 130.61 1.9 1.7 1.85 
27 20.83 182.47 1.87 1.68 1.82 
28 11.44 100.21 1.96 1.72 1.89 
29 20.95 183.52 1.76 1.59 1.73 
30 20.85 182.65 1.77 1.59 1.72 
31 20.8 182.21 1.79 1.6 1.73 
32 21.77 190.71 1.8 1.61 1.76 
33 20.25 177.39 1.79 1.59 1.74 
34 14.66 128.42 1.75 1.65 1.81 
35 16.07 140.77 2.17 1.9 2.12 
36 21.35 187.03 1.8 1.6 1.76 
37 20.25 177.39 1.83 1.61 1.78 
38 15.44 135.25 2.31 1.89 2.11 
39 17.66 154.70 1.78 1.57 1.72 
40 21.05 184.40 1.84 1.62 1.78 
41 18.25 159.87 1.79 1.58 1.74 
42 14.11 123.60 1.84 1.58 1.74 
43 14.88 130.35 1.84 1.64 1.82 
44 17.76 155.58 1.8 1.58 1.74 
45 16.53 144.80 1.82 1.59 1.75 
46 20.03 175.46 1.83 1.61 1.77 
47 19.84 173.80 1.83 1.61 1.77 
48 17.22 150.85 1.8 1.58 1.74 
49 16.89 147.96 1.79 1.56 1.72 
50 15.49 135.69 1.76 1.53 1.68 
51 16.24 142.26 1.76 1.53 1.68 
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52 16.82 147.34 1.76 1.53 1.69 
53 9.92 86.90 1.83 1.54 1.69 
54 13.13 115.02 1.79 1.5 1.64 
 
Another factor to consider is the directional distribution of wave energy at particular 
locations. Some examples of these energy distributions at different points can be seen below 
in Figure 14. Sixteen directions are displayed, denoted from 1 to 16, which corresponds to N, 
NNE, NE, ENE, E, ESE, SE, SSE, S, SSW, SW, WSW, W, WNW, NW and NNW. (Note that 
different the points shown are not all of high energy potential as they were selected in order 
to show the different directional distributions of wave energy as the points go further down 
the coast).  
It can also be seen in Figure 14 that the majority of the energy is coming from the direction 
of the Gulf Stream (Figure 13) which would be expected in this area. All of the other 
directional average annual power figures can be found in Appendix 1.  
 
Figure 13 - The Gulf Stream (Icelandic Mountain Guides, 2015) 
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Figure 14 - Directional average annual power at selected study points 
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Besides the evident spatial distribution of wave energy shown in Figure 12 it is also 
interesting to analyse the temporal variability of the wave power. Figure 15 shows the 
average monthly wave power at the 54 study points (note that Figure 15 is in fact comprised 
of nine graphs to ease observation of the seasonal trends at each of the individual points). A 
clear seasonal trend is conveyed, with the wave power reaching its greatest values in the 
winter months (December – February), peaking in January, followed by December and 
February. In contrast, during the summer months (June – August) wave power drops to its 
minimum values, while during the rest of the year there is a transition phase between these 
two states of affairs. 
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Figure 15 – Average monthly values of the wave power per unit width at the 54 study points 
In Figure 16, the average seasonal wave power at the 54 study points can be observed. This 
graph conveys the strong seasonal wave energy fluctuations within France’s offshore and 
coastal waters, highlighting considerable differences between the seasons. Approximately 
48% of the Atlantic coast of France’s annual wave power is available in winter, 23% is 
available in autumn, 21% is available in spring and only 7% is available in summer. 
Therefore, the seasonal variations in the countries’ wave energy resource are such that 
winter provides more than six times as much wave energy potential as the summer, due to 
stormier conditions.   
 
Figure 16 – Average seasonal values of the wave power per unit width at the 54 study points 
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To summarise, with regards to the wave energy, the year can be split into four periods: a 
period of more stormy weather conditions from November to March, with 70% of the annual 
wave energy resource (average across the whole study domain); a calm period from May to 
September with almost 16% of the total and two periods of transition (April and October) with 
intermediate wave energy conditions, totalling up to approximately 14% of the total annual 
wave energy resource.  This high energy concentration from November through to March 
correlates with other similar studies undertaken in different areas of the Eastern Atlantic 
Ocean: Iceland, the UK, the Canary Islands and the Sea of Iroise, however areas such 
including the Madeira and Azores Islands, October was found to be one of the most 
energetic months (Sierra et al., 2016). Conversely, wave energy tends to be more uniform 
throughout the year in the Western Atlantic Ocean, for example off the coast of Santa 
Catarina, Brazil (Contestabile et al., 2015).    
To conclude the temporal variability analysis, the coefficients described in Section 4.1 have 
been calculated and their values are presented in both Table 2 and Figure 17. The three 
coefficients COV, SV and MV show a generally uniform trend across all of the 54 study 
points. Referring to the points with the largest wave energy potential, in the north-western 
area between P6 and P15 the temporal variability is high, with the COV varying between 
1.64 and 1.81, SV between 1.64 and 1.73 and MV varying between 1.81 and 1.91. Two 
more points with high energy potential located slightly further south than this area (P18 and 
P21) also present high variability, with a COV of 1.78 and 1.76, SV of 1.7 and 1.68 and MV 
of 1.86 and 1.83 respectively.  
 
Figure 17 - Variability coefficients at the 54 study points 
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The points located near the southern section of the Atlantic French coastline present some 
of the lowest variability coefficients, however, they don’t tend to offer as much energy 
potential. There are also points down the coastline that still offer considerable wave energy 
potential whilst having slightly lower variability coefficients than some of the higher energy 
locations. For example, P29 to P33 have COV values between 1.76 and 1.8, SV values 
between 1.59 and 1.61 and MV values between 1.72 and 1.76. Therefore, these points show 
a priori of good potential for WEC installation because they combine a significant wave 
energy resource with a more steady distribution of the resource over the course the year. 
5.2 WEC Systems 
Sea waves release their energy in either kinetic or potential form, thus WEC manufacturers 
use different approaches in order to utilise this resource in a way that is both dependable 
and efficient. The principle information for two different WEC systems is presented in Table 
3. These systems are considered further in this current study in order to assess their 
performance in the selected locations along the Atlantic coast of France. Each of these 
systems were designed to generate in offshore locations, with some of them already in the 
commercial stage and others in the stage of testing in sea locations (Rusu & Onea, 2015).  
Table 3 - Main characteristics of the WECs considered in this study (Rusu & Onea, 2015) 
 WEC 
system 
Principle Development Size Rated 
Capacity 
(kW) 
Recommended 
depth (m) 
1 Pelamis Attenuator Mature Medium 750 >50 
2 Wave 
Dragon 
Overtopping Mature Large 5900 >25 
 
5.3 WEC Output and Performance 
Once the scatter diagrams have been obtained, the WEC energy output can be computed. 
As pointed out in Section 4.1, in this study two WECs whose power matrices whose power 
matrices are available in Appendix 4 and Appendix 5 (Rusu & Soares, 2012) have been 
considered: Pelamis and Wave Dragon. With their power matrices and the bin distribution of 
wave heights and periods, the power output is computed for the two WECs at the 54 study 
points (Figure 18, Figure 19 and Table 4). 
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Figure 18 - Annual wave energy output of the Pelamis WEC at the 54 study points 
It is interesting to notice that the five points with the highest energy potential (P7, P8, P10, 
P12 and P13) are also those giving the largest energy outputs for both the Pelamis and 
Wave Dragon WECs. The total annual wave energy output for the Pelamis exceeds 45 
GWh, whilst for the Wave Dragon the total output stands at approximately 683 GWh.  
 
Figure 19 - Annual wave energy output of the Wave Dragon WEC at the 54 study points 
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Table 4 - Annual energy output and capacity factors for both analysed WECs at the 54 study points 
Point 
Annual Energy Output 
(GWh) 
Capacity Factor (%) 
Pelamis 
Wave 
Dragon 
Pelamis 
Wave 
Dragon 
1 0.51 7.25 7.83 11.82 
2 0.77 10.15 11.75 16.56 
3 0.97 12.41 14.74 20.24 
4 0.37 6.26 5.59 10.21 
5 1.06 14.32 16.08 23.35 
6 1.34 17.3 20.43 28.22 
7 1.57 19.31 23.92 31.5 
8 1.62 19.98 24.64 32.58 
9 1.41 18.04 21.47 29.41 
10 1.54 19.39 23.42 31.62 
11 1.41 18.1 21.44 29.52 
12 1.57 19.66 23.83 32.07 
13 1.5 19.07 22.82 31.09 
14 1.3 17.08 19.75 27.85 
15 1.12 15 16.99 24.46 
16 0.97 13.46 14.82 21.96 
17 0.73 10.76 11.12 17.55 
18 1.2 15.83 18.2 25.81 
19 1.04 13.78 15.79 22.47 
20 0.72 10.39 11 16.95 
21 1.2 16.01 18.26 26.11 
22 1.05 14.11 16.03 23.01 
23 0.73 10.54 11.07 17.19 
24 0.69 10.15 10.54 16.55 
25 1.01 13.69 15.36 22.32 
26 0.67 10.17 10.27 16.59 
27 0.89 12.7 13.5 20.71 
28 0.51 8.47 7.74 13.81 
29 0.95 13.21 14.42 21.54 
30 0.92 13.11 14.07 21.39 
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31 0.9 12.97 13.66 21.15 
32 0.9 13.24 13.65 21.59 
33 0.85 12.61 13.01 20.57 
34 0.08 2.72 1.22 4.43 
35 0.56 10.23 8.51 16.69 
36 0.87 13.05 13.29 21.28 
37 0.82 12.45 12.45 20.3 
38 0.52 9.51 7.98 15.51 
39 0.78 11.64 11.8 18.98 
40 0.83 12.84 12.68 20.95 
41 0.78 11.89 11.85 19.39 
42 0.62 9.94 9.45 16.2 
43 0.61 10.21 9.28 16.64 
44 0.75 11.63 11.47 18.97 
45 0.69 11.03 10.49 17.99 
46 0.79 12.47 12.02 20.34 
47 0.78 12.39 11.91 20.21 
48 0.72 11.39 11.01 18.57 
49 0.72 11.26 10.93 18.36 
50 0.68 10.71 10.34 17.47 
51 0.71 11.09 10.79 18.09 
52 0.72 11.34 11.02 18.5 
53 0.42 7.66 6.42 12.49 
54 0.58 9.44 8.88 15.39 
 
As previously indicated in Section 4.1, a capacity factor can be used as an indicator of the 
WEC efficiency at a certain location. The capacity factor represents the ratio between the 
actual energy produced by the WEC and the hypothetical energy that it could generate if it 
were to operate at its maximum rated power all the time. In both Table 4 and Figure 20 the 
capacity factors for the Pelamis and Wave Dragon WECs at the 54 study points are 
displayed. In the north-east part of the study area, both WECs have their greatest capacity 
factors. Between P6 and P13 the Pelamis yields capacity factors of >20%, generally 
decreasing towards both ends and between P6 and P14 the Wave Dragon yields capacity 
factors of >25% with five of those exceeding 30%, which can be considered relatively good. 
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The values for the Wave Dragon also convey a decrease towards both ends of the study 
area. 
 
Figure 20 - Capacity factors for both analysed WECs: Pelamis (blue) and Wave Dragon (red) at the 54 study 
points 
5.4 Best Location for WECs 
Besides the resource itself, there are other aspects of a site that must be considered before 
selecting it to set up a wave farm or individual WEC device: its proximity to the electricity 
grid, its environmental impact both at the site and on nearby land and the potential 
interference with navigation and/or fishing activities etc. From these factors, only those 
relative to the physical features of the site, to the wave energy potential and WEC 
performance have been considered in this study to assess the best locations for the 
installation of the WECs. The remaining aspects fall outside the scope of work, and have 
thus not been encompassed in this analysis. 
With regards to the energy, the parameters considered are the wave energy potential, the 
temporal distribution of waves and the WEC output (Sierra et al., 2016). The wave energy 
potential refers to the total amount of energy existing at a particular point, the temporal 
variation of the waves is also important because a lower temporal variability will result in 
better WEC efficiency and lastly, the WEC output is vital because it indicates if the grouping 
of waves in certain bins (ranges of Hs and Te) is appropriate for a specific WEC to generate 
more energy. 
Concerning the physical features of a site, the two parameters considered are the water 
depth (m) and the distance to the coast (km). It is important that the water depth is 
considered because both WEC systems have a recommended working depth in order to 
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function effectively. Therefore, for the two WECs studied here, the recommended depths of 
deployment are >50m for the Pelamis and >25m for the Wave Dragon (Rusu & Onea, 2015), 
however greater depths increase the mooring costs as more materials would be required. 
On the other hand, the proximity of the WEC to the coast can be assumed as a 
representation of the connection costs in the sense that the greater the distance, the higher 
the costs since more subsea cabling is necessary. 
The influence of the wave power is assessed by calculating the dimensionless normalised 
wave power index Pn as: 
 
𝑃𝑛 =
𝑃𝑖
𝑃𝑚𝑎𝑥
 (9) 
   
Where Pi is the average wave power at point i and Pmax is the maximum mean wave power 
across all the study points. 
In a similar fashion, a normalised capacity factor Cfn may be assessed for each considered 
WEC as: 
 
𝐶𝑓𝑛 =
𝐶𝑓𝑖
𝐶𝑓𝑚𝑎𝑥
 (10) 
   
Where Cfi is the capacity factor at point i and Cfmax is the maximum capacity factor for a 
certain WEC at all the reference points (Sierra et al., 2016). The normalised factor ranks the 
sites as a function of the WEC efficiency.  
To account for the temporal variability of the waves, a parameter TV is calculated as the 
average of the three coefficients that measure the temporal variability: COV, SV and MV. 
After this, a normalised parameter TVn is computed, noting that higher values of TV should 
correspond to lower values of TVn since they indicate that those locations are less suitable 
for WEC deployment. The following expression is used to compute TVn: 
 
𝑇𝑉𝑛 = 1 − (1 − 𝑇𝑉𝑇𝐻)
𝑇𝑉𝑖 − 𝑇𝑉𝑚𝑖𝑛
𝑇𝑉𝑚𝑎𝑥 − 𝑇𝑉𝑚𝑖𝑛
 (11) 
   
Where TVi is the temporal variability parameter at point i, TVmax and TVmin are the maximum 
and minimum values at all the studied points respectively and TVTH is a threshold value 
selected to give a minimum value to TVn. From expression (11), if TVi = TVmin then TVn = 1, 
while if TVi = TVmax then TVn = TVTH. A value TVTH = 0.3 has been arbitrarily assumed (Sierra 
et al., 2016). 
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The effect of the distance index to the coast is taken into account in a similar way, 
determining a normalised distance index dn as: 
 
𝑑𝑛 = 1 − (1 − 𝑑𝑇𝐻)
𝑑𝑖 − 𝑑𝑚𝑖𝑛
𝑑𝑚𝑎𝑥 − 𝑑𝑚𝑖𝑛
 (12) 
   
Where di is the distance to the coast from point i, dmax and dmin are the maximum and 
minimum distances to the coast from all the study points respectively and dTH is a threshold 
value (assumed 0.3) to give a minimum value to dn.  
Finally, the water depth also affects the suitability of a site for the deployment of WECs. To 
consider its contribution, another coefficient hn is computed as: 
 
ℎ𝑛 = 1 − (1 − ℎ𝑇𝐻)
ℎ𝑖 − ℎ𝑚𝑖𝑛
ℎ𝑚𝑎𝑥 − ℎ𝑚𝑖𝑛
 (13) 
   
Where the meaning of the variables is the same as in the previous expressions, but refer to 
the water depth at each potential site. The main difference in this case is that the value of 
hmin is WEC-dependant. The water depth is unsuitable for deployment of the Wave Dragon 
device at several locations (P4, P17, P20, P23, P24, P26, P28, P38, P42, P43, P44, P45, 
P48, P49, P50 and P53) as these points are below the recommended deployment depth of 
25m and so at that these locations, hmin is set to zero. However, in the cases where the 
water depth is suitable for the Wave Dragon, hmin is set to 25. As the minimum recommended 
depth for the Pelamis converter is 50m, this is the value assumed for hmin for this WEC. At 
the locations shallower than 50m (P25, P27, P34, P35, P39, P41, P51, P52 and all those 
mentioned for the Wave Dragon case), hmin is set to zero. 
Once these five normalised coefficients have been determined, they are combined in a multi-
criteria analysis. In the case of this analysis, the same weighting has been assumed for all of 
the factors, however different weightings could be defined if the manager or stakeholder 
responsible for the site selection considers some factors to be more important than others. In 
the same way, the threshold values could also be altered (Sierra et al., 2016). The analysis 
consists of calculating a simple WEC location suitability (WLS) index, as: 
 𝑊𝐿𝑆 = 𝑃𝑛 + 𝐶𝑓𝑛 + 𝑇𝑉𝑛 + 𝑑𝑛 + ℎ𝑛 (14) 
   
The WLS index takes all the considered factors into account and those points having a 
greater WLS value will be more suitable for WEC installation. This is a flexible index that 
allows an easy integration of other factors which might be identified as significant in the 
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process of defining the convenience of deploying WECs at a certain location (Sierra et al., 
2016). 
In Table 5 the values of the different coefficients integrating the WLS index are shown, while 
in Figure 21 the values of the WLS index at the 54 study points are displayed. From this 
data, the most suitable points for WEC deployment are P9 and P11 for both the Pelamis and 
the Wave Dragon converters. With the most suitable location listed first, a second group of 
suitable points for the Pelamis includes P10, P5, P30, P29 and P33 and for the Wave 
Dragon a second group of points includes P41, P51, P52, P10, P44, P45, P49 and P50. 
Notice that P8, the point which has the largest wave energy potential for both WECs (Figure 
12, Figure 18 and Figure 19), is not among the most suitable points for WEC installation. It 
can also be observed that at the several points that are unsuitable for WEC deployment due 
to their shallow depths, the WLS is set to zero. 
Table 5 - Values of the parameters integrating the WLS index at the 54 study points, including the WLS values 
Point 
Wave 
Power 
Distance TVn 
Pelamis Wave Dragon 
Depth hn Cfn WLS Depth hn Cfn WLS 
1 0.21 0.70 0.82 1.00 0.32 3.05 0.83 0.36 2.93 
2 0.34 0.76 0.82 1.00 0.48 3.40 0.83 0.51 3.27 
3 0.46 0.37 0.78 0.91 0.60 3.12 0.77 0.62 3.00 
4 0.17 0.77 0.92 0.00 0.23 0.00 0.00 0.31 0.00 
5 0.54 0.86 0.95 0.83 0.65 3.84 0.70 0.72 3.78 
6 0.75 0.71 0.90 0.56 0.83 3.76 0.50 0.87 3.73 
7 0.93 0.42 0.87 0.48 0.97 3.68 0.43 0.97 3.63 
8 1.00 0.31 0.88 0.48 1.00 3.66 0.43 1.00 3.62 
9 0.84 0.88 0.85 1.00 0.87 4.44 0.83 0.90 4.30 
10 0.96 0.56 0.87 0.56 0.95 3.90 0.50 0.97 3.86 
11 0.85 0.85 0.86 1.00 0.87 4.42 0.83 0.91 4.29 
12 0.96 0.30 0.91 0.30 0.97 3.44 0.30 0.98 3.45 
13 0.91 0.56 0.91 0.48 0.93 3.78 0.43 0.95 3.77 
14 0.77 0.74 0.81 0.56 0.80 3.68 0.50 0.85 3.67 
15 0.64 0.74 0.74 0.65 0.69 3.45 0.57 0.75 3.43 
16 0.56 0.83 0.64 1.00 0.60 3.64 0.83 0.67 3.54 
17 0.39 0.95 0.63 0.00 0.45 0.00 0.00 0.54 0.00 
18 0.68 0.39 0.79 0.56 0.74 3.16 0.50 0.79 3.15 
19 0.55 0.64 0.76 1.00 0.64 3.59 0.83 0.69 3.47 
20 0.36 0.89 0.70 0.00 0.45 0.00 0.00 0.52 0.00 
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21 0.68 0.42 0.83 0.74 0.74 3.41 0.63 0.80 3.37 
22 0.56 0.65 0.80 0.91 0.65 3.58 0.77 0.71 3.49 
23 0.37 0.90 0.70 0.00 0.45 0.00 0.00 0.53 0.00 
24 0.35 0.89 0.72 0.00 0.43 0.00 0.00 0.51 0.00 
25 0.54 0.65 0.84 0.00 0.62 0.00 0.90 0.69 3.61 
26 0.35 0.94 0.74 0.00 0.42 0.00 0.00 0.51 0.00 
27 0.49 0.80 0.78 0.00 0.55 0.00 0.97 0.64 3.66 
28 0.27 0.94 0.68 0.00 0.31 0.00 0.00 0.42 0.00 
29 0.49 0.82 0.92 1.00 0.59 3.82 0.83 0.66 3.73 
30 0.49 0.85 0.92 1.00 0.57 3.84 0.83 0.66 3.76 
31 0.49 0.88 0.90 0.83 0.55 3.65 0.70 0.65 3.62 
32 0.51 0.81 0.88 0.65 0.55 3.40 0.57 0.66 3.43 
33 0.48 0.91 0.90 1.00 0.53 3.82 0.83 0.63 3.76 
34 0.34 0.96 0.86 0.00 0.05 0.00 0.97 0.14 3.27 
35 0.38 0.97 0.36 0.00 0.35 0.00 0.97 0.51 3.19 
36 0.50 0.84 0.88 0.56 0.54 3.33 0.50 0.65 3.38 
37 0.48 0.94 0.85 1.00 0.51 3.78 0.83 0.62 3.73 
38 0.36 0.99 0.30 0.00 0.32 0.00 0.00 0.48 0.00 
39 0.41 0.96 0.93 0.00 0.48 0.00 0.90 0.58 3.78 
40 0.49 0.86 0.84 0.56 0.51 3.28 0.50 0.64 3.35 
41 0.43 0.97 0.91 0.00 0.48 0.00 0.97 0.60 3.87 
42 0.33 0.99 0.88 0.00 0.38 0.00 0.00 0.50 0.00 
43 0.35 1.00 0.81 0.00 0.38 0.00 0.00 0.51 0.00 
44 0.42 1.00 0.90 0.00 0.47 0.00 0.00 0.58 0.00 
45 0.39 1.00 0.88 0.00 0.43 0.00 0.00 0.55 0.00 
46 0.47 0.89 0.86 0.56 0.49 3.27 0.50 0.62 3.34 
47 0.47 0.94 0.86 0.83 0.48 3.57 0.70 0.62 3.58 
48 0.40 1.00 0.90 0.00 0.45 0.00 0.00 0.57 0.00 
49 0.40 1.00 0.93 0.00 0.44 0.00 0.00 0.56 0.00 
50 0.36 1.00 0.98 0.00 0.42 0.00 0.00 0.54 0.00 
51 0.38 0.99 0.98 0.00 0.00 0.00 0.97 0.56 3.87 
52 0.40 0.97 0.97 0.00 0.00 0.00 0.97 0.57 3.87 
53 0.23 1.00 0.93 0.00 0.00 0.00 0.00 0.38 0.00 
54 0.31 0.99 1.00 1.18 0.00 3.48 0.77 0.47 3.54 
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Figure 21 - WEC Location Suitability (WLS) index for the Pelamis (blue) and Wave Dragon (red) devices at the 
54 study points 
It is evident from the findings of this study that France has a strong wave energy resource, 
with the most suitable locations for deployment of the Pelamis or Wave Dragon WECs found 
near the coastlines of Brittany in the north-west coast of France in the stretch between P9 
and P11, with both P9 and P11 yielding particularly high WLS indexes for both devices (4.44 
and 4.42 for Pelamis and 4.30 and 4.29 for the Wave Dragon). Although P8 was found to 
have the most wave energy potential, it is not deemed suitable for deploying WECs because 
it is situated at a site that is 90 km from the coast and 110m deep, therefore it would be an 
expensive site for WEC installation due to the amount of subsea cabling required.  
5.5 Predesigns of a Wave Farm 
Noting that P9 is the most suitable point for WEC deployment (closely followed by P11), a 
pre-design of both a Pelamis and Wave Dragon wave farm has been included in this section 
at the location of P9 (Figure 22).  
At P9, the Pelamis and Wave Dragon WECs would have an average annual energy output 
of 1.41 GWh and 18.04 GWh resepectively (Table 4). It is evident that one Wave Dragon 
can generate significantly more than one Pelamis device and this is simply due to the 
differences in rated capacity between the WECs. In order to use the Pelamis devices to 
generate more energy at the location, it would be recommended that several Pelamis WECs 
should be used in an array to allow for a greater annual energy output.  
In France, the average household consumes approximately 5000 kWh of electricity per year 
(Lapillonne et al., 2015) which equates to 0.005 GWh/year and so one if one Pelamis or 
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Wave Dragon device was deployed at P9, they could power up to 282 or 3608 average 
households for a year respectively.  
With this in mind, Table 6 shows how many average households certain amounts of Pelamis 
WECs could power over the course of a year of operation at P9.  
 
Figure 22 - Location of P9 (Google Earth) 
 
Table 6 - Amount of households different amounts of Pelamis WECs could power over the course of a year 
Number of Pelamis WECs Average number of households 
1 282 
2 564 
5 1410 
10 2820 
20 5640 
50 14100 
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Figure 23 - Potential arrangement of an array of Pelamis WECs in plan view. Note that the scale in the x and y 
direction is not the same (in order to ease observation of the figure). 
If Pelamis devices were deployed, the amount initially chosen would not necessarily have to 
be fixed. Other phases where more WECs are added to the farm could be carried out e.g. if 
three devices were installed in the first instance and were deemed to be generating 
successfully, it may be decided that the farm should be expanded to increase the capacity of 
the wave farm (see Figure 23 for a potential arrangement of an array of ten Pelamis devices 
orientated to face onto incoming waves). Note that the devices should not be positioned 
directly behind each other so that the WEC at the front does not absorb all of the energy that 
the second WEC could be harnessing. 
Due to their high capacity, significantly less Wave 
Dragons would need to be deployed to power the 
same amount of houses as a number of Pelamis 
WECs. For example, one Wave Dragon has a 
capacity that equates to that of over seven Pelamis 
WECs. Deploying more than one Wave Dragon 
device in a particular location would allow for a 
significantly large generation of energy (Table 7) 
however the environmental impact of this would 
have to be taken into consideration because a 
considerably large wave front (Figure 24) would be 
absorbed by each of the devices. 
Figure 24 - Main structural elements of a 
Wave Dragon in plan view (dimensions in m) 
(Diaconu & Rusu, 2013)  
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Table 7 shows how many average households certain amounts of Wave Dragon WECs 
could power over the course of a year of operation at P9. 
Table 7 - Amount of households different amounts of Wave Dragon WECs could power over the course of a year 
Number of Wave Dragon WECs Average number of households 
1 3608 
2 7216 
3 10824 
4 14432 
5 18040 
 
A potential arrangement for a Wave Dragon array is displayed in Figure 25, where the 
devices are aligned, facing onto incoming waves. It is recommended that the devices are 
spaced at least 50m apart, so that each of them can take full advantage of the waves and 
not interfere with each other’s energy abstraction. 
 
Figure 25 - Potential arrangement of an array of Wave Dragon WECs facing onto the incoming wave front (white 
arrows) 
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6 Conclusions and Future Work 
With the EU 2020 target deadline approaching, it is getting increasingly more important for 
countries to incorporate different renewable technologies into their overall energy mix. 
France are still currently heavily dependent on fossil fuel imports in order to meet their 
energy requirements, however this study outlines the wave energy potential along the 
Atlantic coast of France using a data series that has been developed via numerical 
modelling over a 58-year time period. 
The wave power has been analysed using the data from 54 study points stretching down the 
coastline from latitudes 50°00’ to 43°22.8’. The average wave power obtained is 
considerable (over 40 kW/m with an annual average wave energy of up to 372 MW h/m).  
The wave energy along the Atlantic coast of France yields considerable variability, with a 
number of points situated around the north-west of the countries’ coastline, in the Brittany 
area, comprising high energy (between latitudes 49°00’ and 47°30’). At latitudes both above 
and below this generally high-energy stretch (i.e. both north-east and south of Brittany) the 
energy generally trends towards less energetic potential. This, for example, is likely to be 
due to the fact that the further south the points are, the less exposed they are to the Gulf 
Stream and also they are affected by the north of Spain causing a shadow effect. In terms of 
the direction of the waves, those coming from a WSW direction present the greatest energy 
potential. 
The wave energy along the French Atlantic coast has a high variability across the seasons, 
with the greatest availability of energy during winter (48% average), a calm summer (7% 
average) and intermediate periods in autumn and spring (23% and 21% respectively). 
Significant monthly variations in wave energy availability can also be observed, with January 
generally yielding the greatest energy (followed by December and February) and July 
generally yielding the least energy (followed by August and September). 
Considering the power matrices for both of the WECs used in this study (Pelamis and Wave 
Dragon), the potential energy output and capacity factors were calculated at the 54 study 
points. This allowed a multi-criteria analysis to be undertaken which considered five factors, 
combined into a WEC Location Suitability (WLS) index, in order to determine the most 
efficient places for WEC installation. The factors considered comprised of: the potential wave 
power at the point, the WEC capacity factor, the temporal variability of the energy, the water 
depth at the point and the distance to the coast from the point. Following analysis of the 
WLS index points, P9 and P11 (followed by P10) in the north-west area of the study domain, 
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were identified as the optimal locations for WEC deployment along the Atlantic coast of 
France. 
Other aspects of a site must be investigated prior to confirming it for the deployment of 
WECs, therefore it is recommended that the following work is carried out before coming to a 
conclusion on an exact study point as this work did not fall within the scope of this study. It is 
important to select a site that is located in close proximity to a coastal area that is connected 
to the electrical grid as this will prevent costs from escalating further. Additionally, even if a 
place currently has grid connection, it is not always the case there is enough capacity left to 
connect a wave farm to it so this must also be assessed. 
An Environmental Impact Assessment (EIA) must also be conducted in order to assess what 
ecological and/or physical damage could be exerted on the area of the site or indeed the 
nearby land and coastal waters during the construction, operational and decommissioning 
stages of the project. 
It is also recommended that existing navigation and/or fishing routes should be researched, 
so that the WECs are not deployed in a location that could interfere with these. If a number 
of these routes go through the most suitable locations for WEC installation then it might be 
possible to make a compromise where the route is diverted around the optimum sites.   
If this further work is carried out then the stakeholders would be able to arrive at a more 
conclusive and informed decision on which site is the optimum location for the deployment of 
WECs and which type of WEC would be best to install at the chosen point. 
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8 Appendices 
8.1 Appendix 1 – Directional Average Annual Power at the Study Points 
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8.2 Appendix 2 – Average Monthly Values of the Wave Power per unit width 
Point Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1 18.25 15.59 10.85 6.08 4.27 3.38 2.87 3.07 4.71 7.99 11.58 17.08 
2 30.34 25.73 17.74 10.02 6.85 5.24 4.32 4.69 7.53 13.32 18.91 28.41 
3 41.86 35.68 24.49 13.67 9.18 6.78 5.41 5.96 9.97 17.95 25.27 39.03 
4 14.54 12.5 9.13 5.16 3.5 2.71 2.44 2.58 4 6.48 9.5 13.72 
5 47.63 40.7 30.2 17.41 11.05 8.1 6.88 7.46 12.72 21.57 30.2 44.44 
6 66.39 56.98 41.82 23.87 14.99 10.5 8.68 9.62 17.01 29.68 41.24 61.97 
7 83.43 71.82 52.34 29.51 18.56 12.52 10.15 11.47 20.86 37.33 51.51 77.89 
8 88.86 76.5 56.7 32.12 19.84 13 10.56 12.08 22.34 40.28 55.54 82.91 
9 74.86 63.97 47.09 26.51 16.51 11.12 9.17 10.4 18.61 33.55 46.45 69.77 
10 85.12 73.11 54.48 30.94 18.81 12.24 10.05 11.49 21.26 38.59 53.3 79.62 
11 75.4 64.39 47.87 27.12 16.67 11.01 9.16 10.4 18.8 34.04 47.16 70.42 
12 84.43 72.88 54.79 31.81 19.18 12.36 10.19 11.59 21.64 39.1 53.87 79.82 
13 80.34 68.91 51.91 30.01 18.12 11.79 9.82 11.11 20.53 37.19 51.17 75.91 
14 69.25 58.89 43.41 24.68 14.99 9.77 8 9.06 16.75 30.98 42.58 65.07 
15 58.44 49.52 35.79 20.18 12.37 8.03 6.52 7.33 13.44 25.23 34.98 54.74 
16 52.07 44.15 31.25 17.44 10.65 6.88 5.55 6.18 11.37 21.63 30.35 48.63 
17 36.18 30.57 20.79 12.36 7.22 4.85 3.82 4.22 7.82 15.01 21.19 33.24 
18 60.72 52.07 37.99 21.98 13.27 8.66 7.27 8.01 14.53 26.81 37.21 57.25 
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Point Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
19 49.78 42.7 30.67 17.8 10.88 7.16 6.06 6.57 11.64 21.58 30.09 46.89 
20 33.11 28.69 20.1 11.65 7.2 4.76 4.08 4.35 7.5 13.98 19.82 31.14 
21 60.88 52.61 38.55 22.66 13.48 8.78 7.57 8.15 14.8 27.19 37.77 57.45 
22 50.36 43.52 31.5 18.59 11.17 7.4 6.44 6.83 12.06 22.26 30.96 47.48 
23 33.6 29.22 20.55 12.02 7.24 4.75 4.15 4.35 7.59 14.27 20.18 31.56 
24 31.6 27.23 18.66 11.68 6.64 4.56 3.93 4.03 7.19 13.6 19.22 29.25 
25 47.29 41.24 29.95 17.92 10.65 7.11 6.31 6.6 11.55 21.14 29.42 44.64 
26 31.57 27.68 19.58 11.57 6.82 4.53 4.01 4.14 7.23 13.49 19.06 29.48 
27 43.66 38.15 27.53 16.51 9.58 6.38 5.69 5.89 10.36 19.05 26.8 40.76 
28 24.56 21.52 14.69 9.13 5.04 3.43 2.97 3.02 5.45 10.32 14.83 22.28 
29 42.31 37.18 27.72 17.33 10.13 6.81 6.07 6.36 11.02 19.73 27.43 39.66 
30 41.96 37.41 27.58 17.35 10.15 6.77 6.02 6.35 11 19.44 27.4 39.12 
31 41.91 37.41 27.66 17.31 10.1 6.67 5.9 6.26 10.96 19.39 27.46 38.94 
32 44.27 39.1 28.97 18.1 10.54 6.8 5.97 6.4 11.47 20.49 29.1 40.48 
33 41.01 36.32 26.85 16.9 9.95 6.49 5.73 6.11 10.73 19.02 26.95 37.36 
34 30.82 30.92 19.04 9.95 7.37 4.36 4.39 4.9 6.71 10.05 21.52 24.16 
35 36.75 30.97 22.32 12.24 6.26 3.42 2.7 2.98 7.15 14.81 21.18 32.6 
36 43.38 38.17 28.58 17.83 10.4 6.64 5.83 6.29 11.32 20.22 28.68 39.5 
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Point Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
37 41.46 36.69 27.05 16.73 9.8 6.27 5.51 5.93 10.64 19.02 27.05 37.43 
38 35.37 29.64 21.16 11.65 6.05 3.38 2.79 3.02 6.9 14 20.13 31.63 
39 35.44 31.45 23.47 14.9 8.83 5.75 5.09 5.48 9.51 16.67 23.64 32.23 
40 43.03 37.83 28.31 17.45 10.09 6.37 5.57 6.07 11.08 19.94 28.39 39.1 
41 36.82 32.5 24.4 15.33 9.03 5.81 5.11 5.55 9.82 17.33 24.51 33.43 
42 28.52 24.78 18.91 11.94 6.93 4.52 3.95 4.23 7.58 13.53 18.67 26.18 
43 30.92 27.01 20.07 12.19 7.08 4.48 3.88 4.21 7.73 13.93 19.81 27.7 
44 35.86 31.58 23.8 14.86 8.76 5.63 4.95 5.39 9.57 16.9 23.88 32.5 
45 33.6 29.61 22.2 13.72 8.12 5.19 4.59 4.99 8.82 15.59 22.2 30.3 
46 40.81 35.74 27.14 16.58 9.65 6.04 5.26 5.8 10.64 19.09 27.19 37.05 
47 40.42 35.4 26.87 16.42 9.56 5.99 5.23 5.76 10.54 18.9 26.88 36.67 
48 34.72 30.52 23.16 14.37 8.52 5.44 4.81 5.25 9.31 16.4 23.23 31.49 
49 33.79 29.65 22.73 14.14 8.41 5.37 4.76 5.21 9.22 16.18 22.88 30.79 
50 30.51 26.82 20.85 13.09 7.87 5.04 4.5 4.94 8.64 15 21.16 27.97 
51 31.93 28.01 21.93 13.76 8.22 5.24 4.65 5.13 9.08 15.85 22.24 29.37 
52 33.13 28.99 22.77 14.22 8.45 5.37 4.74 5.25 9.38 16.43 23.07 30.49 
53 19.6 17.29 13.55 8.24 4.96 3.06 2.8 3.11 5.47 9.48 13.85 17.88 
54 25.42 22.35 17.73 11.16 6.71 4.29 3.9 4.31 7.47 12.86 18.16 23.66 
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8.3 Appendix 3 – Average Seasonal Values of the Wave Power per unit 
width 
Point Spring Summer Autumn Winter 
1 7.09 3.1 8.09 17.01 
2 11.57 4.75 13.26 28.23 
3 15.83 6.04 17.73 38.95 
4 5.95 2.58 6.66 13.62 
5 19.61 7.48 21.5 44.36 
6 26.97 9.6 29.31 61.92 
7 33.57 11.37 36.57 77.89 
8 36.33 11.88 39.4 82.94 
9 30.13 10.23 32.88 69.7 
10 34.84 11.25 37.73 79.47 
11 30.64 10.19 33.34 70.24 
12 35.37 11.37 38.21 79.22 
13 33.45 10.9 36.31 75.23 
14 27.79 8.94 30.11 64.56 
15 22.87 7.29 24.56 54.37 
16 19.87 6.2 21.14 48.4 
17 13.52 4.29 14.74 33.41 
18 24.48 7.98 26.18 56.81 
19 19.84 6.6 21.1 46.56 
20 13.02 4.4 13.76 31.05 
21 24.97 8.16 26.59 57.11 
22 20.47 6.89 21.76 47.22 
23 13.3 4.42 14.01 31.53 
24 12.35 4.17 13.37 29.42 
25 19.56 6.67 20.7 44.48 
26 12.69 4.22 13.26 29.64 
27 17.92 5.99 18.74 40.94 
28 9.64 3.14 10.23 22.83 
29 18.43 6.41 19.39 39.79 
30 18.4 6.37 19.28 39.56 
31 18.4 6.27 19.27 39.49 
32 19.22 6.39 20.35 41.35 
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33 17.91 6.1 18.9 38.29 
34 12.08 4.56 12.73 28.72 
35 13.61 3.03 14.38 33.52 
36 18.95 6.25 20.07 40.42 
37 17.87 5.9 18.9 38.59 
38 12.97 3.06 13.68 32.29 
39 15.73 5.44 16.6 33.1 
40 18.62 6 19.8 40.06 
41 16.25 5.49 17.22 34.31 
42 12.59 4.23 13.26 26.54 
43 13.11 4.19 13.82 28.6 
44 15.81 5.32 16.78 33.37 
45 14.68 4.92 15.53 31.23 
46 17.79 5.7 18.97 37.94 
47 17.62 5.66 18.77 37.57 
48 15.35 5.16 16.31 32.3 
49 15.1 5.11 16.09 31.47 
50 13.94 4.83 14.93 28.49 
51 14.63 5 15.72 29.82 
52 15.15 5.12 16.29 30.93 
53 8.92 2.99 9.59 18.29 
54 11.87 4.16 12.83 23.85 
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8.4 Appendix 4 – Pelamis Power Matrix  
 
 
 
 Hs (m) 
Te (s) 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 11.5 12 12.5 13 
0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 22 29 34 37 38 38 37 35 32 29 26 23 21 0 0 0 
1.5 32 50 65 76 83 86 86 83 78 72 65 59 53 47 42 37 33 
2 57 88 115 136 148 153 152 147 138 127 116 104 93 83 74 66 59 
2.5 89 138 180 212 231 238 238 230 216 199 181 163 146 130 116 103 92 
3 129 198 260 305 332 340 332 315 292 266 240 219 210 188 167 149 132 
3.5 0 270 354 415 438 440 424 404 377 362 326 292 260 230 215 202 180 
4 0 0 462 502 540 546 530 499 475 429 384 366 339 301 267 237 213 
4.5 0 0 544 635 642 648 628 590 562 528 473 432 382 356 338 300 266 
5 0 0 0 739 726 731 707 687 670 607 557 521 472 417 369 348 328 
5.5 0 0 0 750 750 750 750 750 737 667 658 586 530 496 446 395 355 
6 0 0 0 0 750 750 750 750 750 750 711 633 619 558 512 470 415 
6.5 0 0 0 0 750 750 750 750 750 750 750 743 658 621 579 512 481 
7 0 0 0 0 0 750 750 750 750 750 750 750 750 676 613 584 525 
7.5 0 0 0 0 0 0 750 750 750 750 750 750 750 750 686 622 593 
8 0 0 0 0 0 0 0 750 750 750 750 750 750 750 750 690 625 
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8.5 Appendix 5 – Wave Dragon Power Matrix 
 
 Hs (m) 
Te (s) 5 6 7 8 9 10 11 12 13 14 15 16 17 
1 160 250 360 360 360 360 360 360 320 280 250 220 180 
2 640 700 840 900 1190 1190 1190 1190 1070 950 830 710 590 
3 0 1450 1610 1750 2000 2620 2620 2620 2360 2100 1840 1570 1310 
4 0 0 2840 3220 3710 4200 5320 5320 4430 3930 3440 2950 2460 
5 0 0 0 4610 5320 6020 7000 7000 6790 6090 5250 3950 3300 
6 0 0 0 0 6720 7000 7000 7000 7000 7000 6860 5110 4200 
7 0 0 0 0 0 7000 7000 7000 7000 7000 7000 6650 5740 
